The fatty acid (FA) composition of breast milk throughout the period of lactation is fairly well understood. What is not known, however, is the FA composition of breast milk at the interface of physiology and pathology of pregnancy. We therefore decided to analyse and compare the differences in the FA composition of transitional and mature milk of mothers who delivered small for gestational age (SGA) neonates born at term; infants delivered at 35-37 weeks of gestation, that is 'late preterm'; and that of mothers who gave birth to appropriate for gestational age neonates (AGA). SUBJECT/METHODS: The FAs were analysed by HPLC equipped with MS detector. RESULTS: We found differences in the percentage share of the studied FA pool regarding levels of capric, lauric and gadoleic acids. Comparing transitional and mature milk, the greatest diversity was seen in the group of mothers of AGA neonates and the least was noted in the group of mothers of SGA neonates. CONCLUSIONS: Both 'late prematurity' and reduced neonatal weight of children born at term affect the FA composition of breast milk. Even a small degree of fetal malformation alters the composition of breast milk, which is probably related to the child's needs and condition.
INTRODUCTION
A continuous increase in the number of premature births can currently be observed, which has consequently led to an increase in the number of low and very low-birth weight infants requiring treatment. Apart from the selection of appropriate therapeutic methods, the process of effective treatment of these infants also depends on the process of lactation and the composition of their mothers' milk. Milk contains numerous ingredients essential for the development of the child, some of the most important being about 170 types of fatty acids (FAs). This very diverse group of compounds is responsible for the proper development of the child's nervous system, the metabolism of neuron membranes and other cells and general biochemical changes-including energy changes. [1] [2] [3] [4] The FA composition of milk is conditional upon many factors, mainly genetic and nutritional, which relate to racial and socioeconomic factors, as well as cultural habits. It is believed that in addition to the processes regulating the development of pregnancy, other factors may have an equally important influence on the composition of breast milk, including duration of the pregnancy and pathological processes occurring during pregnancy.
Pathologies associated with impaired nutritional placental transport, which can lead to premature birth and intrauterine growth restriction, affect the execution of various nutritional processes in newborns. Such children, in contrast to healthy ones born at term, are not able to accumulate adequate levels of FAs during the intrauterine period. [5] [6] [7] These deficiencies must be compensated during the breast-feeding period. Numerous studies on the FA composition of the milk of mothers who gave birth to children with different birth weights and condition (appropriate for gestational age-AGA; preterm; small for gestational age-SGA; and intrauterine growth restricted neonates) have confirmed the above hypothesis. [7] [8] [9] [10] [11] [12] [13] [14] [15] So far, however, neither the FA composition of the milk nor the dynamics of FA changes occurring in mothers who gave birth in the period of time immediately preceding 38 weeks of pregnancy and in mothers whose children were born at term, SGA have been analysed. The FA composition of breast milk at the interface of physiology and pathology of pregnancy is therefore not known. It is also not known whether the milk of mothers of AGA, SGA and preterm neonates differs essentially in composition, or whether a small degree of prematurity and low-birth weight stimulate the biosynthesis and secretion of milk of a different composition.
The pilot studies conducted by our group have revealed differences in the composition of transitional and mature milk of mothers of AGA neonates, mothers of preterm babies and those of SGA children. In the current study, we decided to analyse and compare the differences in the FA composition of transitional and mature milk of mothers of SGA neonates born at term and babies born at 35-37 weeks of gestation, that is 'late preterm', with the FA composition of milk of mothers who gave birth to AGA. Our aim was to determine the FA profiles of both groups, and to determine whether or not the FA composition of the preterm and SGA groups differed from that of the AGA group. We wanted to determine whether, at the interface between physiology and pathology of pregnancy (late prematurity, SGA), mammary glands secrete milk with a similar FA content or whether the FA composition of the milk is different, determined by the condition of the newborn baby.
MATERIALS AND METHODS

Study population
The study population consisted of 109 women, who gave birth at the Provincial Specialist Hospital No. 1 in Tychy, Poland. To obtain a homogeneous group of women, the following inclusion criteria were applied: Polish nationality (excluding naturalized Polish citizens); single pregnancy; pregnancy I-III; stable socioeconomic status; secondary level or higher education; living in a highly industrialized urban region; following a typical diet for the Polish population (none of the women accepted onto the study were vegetarians or followed any other special diets); granting consent to participate in the study.
The following exclusion criteria were applied: chronic diseases; pathologies during the course of pregnancy, such as gestational highblood pressure, infections during pregnancy, miscarriages and/or premature birth resulting in the death of the child, developmental anomalies in the fetus; AIDS and sexually transmitted diseases; lack of the mother's consent to take part in the research program or withdrawal of consent during the study.
Women who participated in the research program were classified into three groups according to the following criteria:
Group A (n ¼ 54): healthy mothers, routine and uneventful pregnancy, full-term delivery neonates (birth weight 10th-90th percentile);
Group B (n ¼ 32): mothers who gave birth prematurely-between 35-37 weeks (birth weight 10th-90th percentile); Group C (n ¼ 23): mothers who gave birth to full-term but SGA neonates (birth weight o10th percentile) ( Table 1) .
Those children whose weight exceeded the 90th percentile (LGA) were not included in the study.
Women eligible for the study underwent three ultrasound examinations. 16 The first ultrasound was performed between the 12th and 14th weeks of gestation, the second one between the 20th and 22nd weeks and the third one in the 32nd and 33rd week. SGA neonates were identified and defined by the third and final ultrasound performed during pregnancy. Fetuses with in utero abdominal measurements below the 10th percentile of reference values were defined as SGA fetuses. SGA was confirmed at birth if the neonatal weight was below the 10th percentile. 16 All the fetuses had normal karyotypes and no malformations at birth. The mothers did not receive any dietary supplementation during pregnancy. The mothers in group B did not receive corticosteroids.
Maternal age, body mass index, neonatal weights, mode of delivery and Apgar scores are presented in Table 1 .
The study was approved by the Bioethics Review Board of the Silesian University of Medicine in Katowice, Poland (L.dz.NN-6501-183/I/07).
Milk collection
The transitional milk samples were obtained between 4 and 7 days after childbirth. Approximately 10 ml was collected from each participant. The same quantity of mature milk (10 ml) was obtained from each participant two months after childbirth. All the milk samples were midstream samples obtained in the morning by manual expression. The samples were stored in plastic test-tubes at a temperature of À 20 1C and transported to the laboratory in dry ice. They were kept frozen and thawed out only once, just before being analysed.
Gas chromatography-mass spectrometry analysis Lipids were extracted from the transitional milk and mature milk using chloroform-methanol (2:1 v/v containing 0.01% BHT) in accordance with Folch. 17 Organic extracts were evaporated at 40 1C in a nitrogen atmosphere, after which they were saponified with potassium hydroxide in methanol (0.5 N) for 10 min at 80 1C in an electric multi-block heater. They were subsequently methylated with hydrochloric acid in methanol (3 N) for 15 min at 95 1C and fatty acid methyl esters were extracted with 1 ml hexane. Aliquots of the extract were injected into the columns. The FA methyl esters were analysed by gas-liquid chromatography using an HP 6890 gas chromatograph equipped with split injector (split ratio 1:10) and MS detector. The injector and detector temperatures were 250 1C. Helium was used as carrier gas (20 ml/s) at a head pressure of 43.4 psi. Separations were performed on a HP-88 fused silica capillary column (100 m Â 0.25 mm i.d., film thickness: 0.20 mm; Agilent J&W GC Columns, San Jose, CA, USA). The chromatography oven was programmed to 175 1C for 40 min, thereafter increased by 5 1C per min until the temperature reached 220 1C, and was held at this temperature for 16 min. The peak identification was verified by comparison with authentic standards (Supelco, Bellefonte, PA, USA) and by mass spectrometry. The results were expressed as a percentage (% wt/wt) of all FAs detected with a chain length of between 8 and 24 carbon atoms 16 .
Statistics
The Student's t-test was used to determine the differences in FA composition between transitional milk samples and the Wilcoxon test was used for paired samples. The same statistical tests were used to analyse the differences between mature milk samples. Analysis of variance was based on the Kruskal-Wallis ANOVA test and was complemented by specific post hoc comparisons using the Tukey test. Statistical significance was set at P40.05.
RESULTS
Thirty-four FAs were identified in the transitional milk and the same number of FAs were found in the mature milk. In the transitional milk, a similar FA profile was noted across all three groups tested (A, B and C). C12:0 and C14:0 represented the largest percentage of medium-chain FAs (% wt/wt) in the studied pool of FAs (2.3% and 6.14%, respectively in group A; 2.81% and 7.09% in group B; and 2.69% and 7.50% in group C). C16:0 and C18:0 were predominant amongst the long-chain FAs, along with their unsaturated isomers, of which C18:1c occurred most frequently across all three groups (23.61%, 5.84% and 39.92%, respectively in group A; 23.32%, 5.76% and 39.76% in group B; and 22.40%, 5.57% and 40.50% in group C). There were no significant differences in the FA composition of transitional milk samples between groups A, B and C. The next stage was to calculate the ratio of C12:0 to C14:0 in the transitional milk samples: the ratio was similar across all three groups, with findings showing a ratio of 0.37 in group A, 0.39 in group B and 0.32 in group C (data not shown). C12:0 and C14:0 were the predominant medium-chain FAs present in the mature milk samples from all three groups (3.39% and 6.46%, respectively in group A; 4.84 and 7.19% in group B; and 4.48 and 8.22% in group C). C16:0 and C18:0 were the predominant long-chain FAs, along with their unsaturated isomers, of which C18:1c occurred most frequently in all three groups (23.36%, 6.29% and 38.87%, respectively in group A; 22.72, 5.69 and 38.78% in group B; and 21.26, 6.32 and 40.11% in group C). The C12:0 to C14:0 ratio in mature milk was 0.52 in group A, 0.67 in group B and 0.54 in group C (data not shown). The C12:0 to C14:0 ratios of groups A, B and C were higher in the mature milk than in the transitional milk, however, they were characterized by similar trends.
The FA profile of the mature milk differed among the three groups tested. Significant statistical differences were noted among Comparison of the FA composition of transitional and mature milk R Bobiń ski et al the groups regarding the levels of C10:0 (capric acid) (Figure 1 ), C12:0 (lauric acid) ( Figure 2 ) and C20:1 (gadoleic acid) (Figure 3 ). Medium-chain fatty acids-C10:0 and C12:0-occurred in similar proportions in the groups studied, although their percentage share in the mature milk varied (Figures 1 and 2) . The lowest concentration of C10:0 and C12:0 was visible in the milk of mothers from group A (0.72% and 3.39%, respectively), and the highest concentration was among mothers from group B (0.96% and 4.85%, respectively). The percentage share of C10:0 and C12:0 amongst the FAs in group C was as follows: 0.89% and 4.48%. C20:1 levels were highest in the milk of mothers from group A, while the lowest concentration was found in the milk of mothers from group C (0.57% group A; 0.35% group B; 0.32% group C) ( Figure 3) .
Comparison of the FA profile of the transitional milk and the mature milk revealed many statistically significant differences in the groups studied (Table 2) . Eighteen statistically significant differences were identified in group A. In group B, the composition of 16 FAs was different, while only 9 differences were observed in group C. In groups A and B, the greatest number of statistically significant differences concerned acids C10-C15 and C20-C22. In group C, the largest number of differences was observed in acids C20-C22. In group A, an increase in the percentage concentration of four medium-chain fatty acids was observed in the mature milk compared with the transitional milk (C10:0, C12:0, C14:1, C15:0). The percentage concentration of 12 long-chain FAs was lower in the mature milk than in the transitional milk (Table 2 ). In group B, an increase in the percentage concentration of three medium-chain acids was observed in the mature milk in relation to the transitional milk. Fourteen long-chain FAs showed a decrease in percentage concentration in the mature milk in relation to the transitional milk (Table 2) . In group C, an increase in the percentage concentration of two medium-chain acids in the mature milk was noted in relation to the transitional milk (C10:0, C12:0). The percentage concentration of eight long-chain FAs was lower in the mature milk than in the transitional milk (Table 2) .
DISCUSSION
Long-term research into the breast milk composition of nursing mothers has contributed to the identification of milk components and has led to an increased understanding of numerous problems associated with the metabolism of mammary glands and ability to biosynthesize milk. [18] [19] [20] With the development and advancement of pregnancy, the mother's body gradually prepares for lactation. During this period, intensive processes of FA depositing occur in the mother and child. These processes are regulated by the transport and hormonal functions of the placenta, 5, 6 which is likely to gradually 'program' the metabolic profile of the mammary gland to adapt the composition of the milk it secretes according to the condition of the newborn child. The FAs required are transported to the mammary gland from tissue deposits or synthesized in situ, for example medium-acids formed from carbohydrates. An abnormal course of pregnancy, leading to intrauterine malnutrition and low-birth weight characteristic of premature babies, intrauterine growth restriction and SGA neonates causes changes in the levels of particular FAs in breast milk, 9, 11, 13 as well as changes in the FA profile of cord blood.
5,16
These deficiencies must be compensated for during the breastfeeding period. In this study, we focused on identifying changes in the FA composition of milk of women who gave birth to children with minor deviations from normal birth weight. We wanted to determine whether at the interface of physiology and pathology of pregnancy (late prematurity, SGA) the levels of particular FAs in AGA, appropriate for gestational age; SGA, small for gestational age.
Comparison of the FA composition of transitional and mature milk R Bobiń ski et al breast milk change or whether they remain within the normal range of milk of mothers who gave birth to healthy children at term (AGA). Analysis of the milk samples showed that the FA composition of transitional and mature milk was relatively stable and similar across all three groups. 12, 14, 16 and 18-carbon FAs dominated quantitatively in both the transitional and the mature milk from all three groups (A, B and C). No statistically significant differences were found in the percentages of FAs in the transitional milk between any of the groups studied. Analysis of literature data confirms that the FA profile of the transitional milk of AGA mothers and preterm neonate mothers defined in our study is similar to that presented by other authors. [8] [9] [10] [11] [12] [13] In contrast, our findings reveal differences between the three research groups in the FA profile of mature milk produced during the later period of lactation (Figures 1-3 ). There were statistically significant differences in the percentage share of the FA pool studied regarding levels of capric (C10:0), lauric (C12:0) and gadoleic acids (C20:1). Our studies have shown that levels of medium-chain saturated FAs-capric and lauric-were higher in groups B and C than in group A. The ratio of lauric acid to capric acid in groups A and B was similar to the ratio between the corresponding groups studied by other authors. 13, 18 The other studies, however, included mothers who gave birth between 31-35week, that is, mothers who gave birth to children whose immaturity counted in weeks of pregnancy exceeded the range of our study (35-37 week). Analysing the dynamics of changes in the composition of mature milk, based on our results and in the context of literature data, it can be concluded that even 'late prematurity' is sufficient stimulus for secretion of mature milk of a modified composition. Increased medium-chain fatty acids content in the milk of mothers who gave birth to premature and SGA neonates is probably corroboration of the previously postulated adjustment of the composition of breast milk to the child's needs. Increased medium-chain fatty acids levels increase the intestinal absorption of FAs and provide for the increased energy needs of preterm and SGA babies. It has been demonstrated that after birth in the digestive system of an enzymatically underdeveloped child, triglycerides containing FAs with the carbon number C10-C12 are preferentially degraded by pancreatic lipase and absorbed directly into the blood circulation, omitting incorporation of FAs into chylomicrons. 21, 22 For newborns, optimal use of C10-C12 in the process of energy production (b-oxidation) is an extremely important process. On entering cells, these acids, unlike longchain FAs, get into the mitochondria without the assistance of a carnitine conveyor, so that an ATP molecule is not consumed. 21, 23 As a result, valuable ATP molecules are saved and can be used for other cellular processes. A metabolic profile, which optimizes ATP usage is surely particularly important for children born prematurely and SGA neonates, as their underdeveloped enzyme systems barely meet the energy requirements of their bodies. [24] [25] [26] The mobilization process of medium chain FAs begins during the pregnancy of women who are to give birth prematurely or to SGA babies. This has been shown in our Comparison of the FA composition of transitional and mature milk R Bobiń ski et al previous studies, in which we examined the FA profile of the cord blood in the corresponding groups. An increased percentage of C10:0 and C12:0 in the cord blood was seen in both premature and SGA babies in comparison with the AGA group. 20 It seems, therefore, that the increased supply of C10:0 and C12:0, both in utero and in breast milk, as observed in the group of preterm and SGA babies may be a kind of compensation process, which is characterized by certain biochemical differences in comparison with AGA children. It remains unclear, however, why the changes in FA composition occur only in mature milk rather than transitional milk. It is possible that the mother's body requires longer than the first few days of lactation (the period of the transitional milk) to switch the metabolism and adjust the biosynthesis of milk to the optimal FA composition for the newborn child.
There were statistically significant differences between the three research groups in the levels of long-chain monounsaturated gadoleic acid (C20:1) found in mature milk (Figure 3 ). These differences suggest that C20:1 may have a role in the metabolism of FAs of the mother's breast tissue and other tissues as well. There is, however, a lack of published research into this issue in the available literature. We do know that gadoleic acid is not synthesized by the mother's body and the only source of it is fish and seafood, [27] [28] [29] which is consumed fairly irregularly in the south of Poland.
The occurrence of significant quantitative differences in the FA profile of transitional milk compared with that of the mature milk of women who gave birth to healthy babies would appear to characterize the physiological process of fluctuations in milk composition during the breast-feeding period (Table 2 ). An increase in medium-chain FAs was observed in the mature milk compared with the transitional milk. As for long-chain FAs, decreasing levels were noticed in the mature milk compared with the transitional milk, regardless of the degree of saturation of the chain. This phenomenon (inversion) occurred in all three groups and has previously been observed by other authors in the case of AGA and preterm neonates. 5, 8, 9, 18 Our results reveal, however, that the reduction in percentage of particular FAs in the milk did not occur equally in all groups. More importantly, these observations concerned n-3 and n-6. In the group of mothers of preterm infants (group B), the levels of all important FAs for a child's development decreased in the mature milk: C20:3n-6 (DGLA), C20:4n-6 (AA), C20:5n-3 (EPA) and C22:6n-3 (DHA). In the group of mothers who gave birth at term (Group A, AGA) and the group of mothers who gave birth to children with low-birth weight (group C, SGA), only n-6 FA levels decreased. Groups A and C showed no statistical difference in the levels of n-3 between the transitional and mature milk. The most important finding resulting from the comparison of n-3 and n-6 levels in the transitional and mature milk of the tested groups was, however, that there were no differences in levels of n-3 and n-6 precursors, that is, essential fatty acids C18:3 n-3 (ALA) and C18:2 n-6 (LA). As these acids do not undergo systemic biosynthesis and their only source is dietary intake, the stable and comparable levels, which we observed in all groups must be due to similar intake of both essential fatty acids in the diet or adequate stocks of these FAs in maternal tissue deposits. Changes in the levels of their metabolites, such as DGLA, AA, EPA, DHA, must therefore have been caused by changes in the systemic metabolism of FAs modulated by various factors, including the course of the pregnancy and the condition of the newborn. If you take the number of differences between transitional and mature milk of the above-mentioned n-3 and n-6 as a measure of changes in the metabolism of the mammary gland, the metabolic changes were the most significant in the mothers who gave birth prematurely. Analysis of the milk of mothers of SGA neonates showed the major n-3 and n-6 FA profile was similar, suggesting that the needs of these infants for the above-mentioned acids remained at a similar level as those of the AGA neonates.
In our research, we have undertaken to determine the dynamics of changes in the FA profile of transitional and mature milk of mothers who gave birth to babies at term, to infants born between 35-37 weeks of gestation and to SGA neonates. Our research has shown that the FA profile of the transitional milk does not vary between groups. FA composition changes were observed only in mature milk. Comparing the transitional and mature milk of all the groups tested, the largest degree of differentiation was seen in the group of mothers of AGA neonates and the smallest in the group of mothers of SGA neonates. The differences in the FA composition of mature milk observed between the tested groups, and the differences between transitional and mature milk in these groups lead to the conclusion that both 'late prematurity' and reduced neonatal weight of children born at term affect the FA composition of breast milk. Even a small degree of fetal malformation alters the composition of milk, which is probably related to the child's needs and condition.
